The rodent cerebral cortex is assembled from two major classes of neurons: glutamatergic projection neurons and GABAergic interneurons. However, they have completely different developmental origins and migratory modes. Cortical projection neurons originate from the ventricular zone of the pallium and migrate radially to form the characteristic multilaminated neocortex. In contrast, cortical interneurons originate from the ventricular zone of the telencephalic subpallium and migrate tangentially into the cortex during embryonic development. One obvious issue with this developmental scheme is how they find their appropriate partners to build cortical networks with balanced excitation and inhibition.
Interneuron Laminar Fates Predicted by Birthdates versus Birthplaces
Cortical projection neurons are organized into layers in an inside-out manner: earlyborn neurons make up the deep layers and the late-born neurons populate the superficial layers by radially migrating past the early-born neurons. Cortical interneurons also display distinct laminar distribution and, interestingly, they tend to adopt the cortical layers of the projection neurons with approximately the same birthdates (Miller, 1985) ( Figure 1A ). This birthdate-matching has led to the hypothesis that the lamination of both projection neurons and interneurons is under the control of the same set of factors present in the developing cortical environment.
The most prominent and established signaling molecule that plays a critical role in cortical lamination is Reelin. Reeler mice, in which Reelin is mutated, show reversed lamination for the projection neurons accompanied by the reversed laminar distribution of interneurons (Figure 1B) . This evidence seemingly favors the hypothesis that common factors underlie the birthdate matching between the projection neurons and interneurons.
However, recent work by Oscar Marin's group showed that cortical interneurons can acquire their laminar positions independent of Reelin signaling (Pla et al., 2006) . By transplanting the medial ganglionic eminence (MGE)-derived cells from Dab1 mutants, which are defective in Reelin signaling, into the wild-type host MGE, they found the mutant cells could populate the wild-type cortex in the normal inside-out order ( Figure 1C ). However, when wild-type MGE cells were transplanted into the Dab1 mutant host MGE, the wild-type cortical interneurons also followed the reverse laminar distribution similar to the mutant host projection neurons. Based on these data, Marin's group proposed a new model in which projection neurons directly provide the laminar cues to instruct the cortical interneurons to adopt proper laminar destination (Pla et al., 2006) .
Further disputing the birthdate-matching rule is the finding that the birthplaces instead of birthdates of cortical interneurons can better predict their future laminar fates (Miyoshi and Fishell, 2010) ( Figure 1D ). MGE-derived interneuron subtypes overall show an inside-out pattern but the majority populate in the deep layers, whereas caudal ganglionic eminence (CGE)-derived interneuron subtypes mostly are allocated to the superficial layers irrespective of their birthdates, supporting the idea that layer-specific project neurons can discern the intrinsic properties of the subtypespecific interneurons and thus confer the proper laminar information to them.
Subtype-Specific Projection Neurons Rule
The unprecedented progress in the understanding of transcriptional controls of subtype-specific projection neurons in the cortex (Molyneaux et al., 2007) makes it possible to more directly investigate the role of projection neurons in the laminar distribution of interneurons. Arlotta's group looked into the interneuron laminar fates in a previously described Fezf2 mutant (Molyneaux et al., 2007) , in which the subcerebral corticofugal Va projection neurons are converted into callosal projection neurons (CPNs) with a molecular signature very similar to the Vb and VI CPNs. Because the overall cortical inside-out lamination is not altered in the Fezf2 mutant and Fezf2 is not expressed in the interneurons or their progenitors, the laminar distribution of interneurons should be unchanged as predicted by the birthdate-matching rule. Surprisingly, even though the total number of interneurons in the motor, somatosensory, and visual cortices was not changed significantly in the Fezf2 mutants, as measured by GAD67, there was a significant redistribution across the different layers: GAD67+ cells were decreased in converted layer V and relatively the same in layer VI, accompanied by an increase in layers II-IV ( Figure 1E ). They further found that, in the somatosensory region of the P28 Fezf2 mutants, somatostatin (SST) and parvalbumin (PV) interneuron subtypes, which mostly adopt deep layer positions in wild-type animals, were not changed in total number but displayed a decrease in layer V and a corresponding increase in layers II-IV. Therefore, in the Fezf2 mutant model, the identity change of the neurons in layer Va alone is sufficient to alter the laminar distribution of interneurons. Meanwhile, there is one additional implication: individual cortical interneurons have a preference for certain subtypes of projection neurons but they can associate with other subtypes when the preferred subtypes are not available.
In the absence of Fezf2, the newly acquired CPNs in the Va display a molecular profile similar to the Vb/VI CPN and thus are expected to recruit a collection of interneurons similar to Vb and VI CPNs. It is somewhat enigmatic that the redistribution was only manifested as a shift from the deep to the superficial layers. Nevertheless, the change of the interneuron distribution profiles in the Fezf2 mutants has profound effects on the circuit properties. By exploiting the imaging technique based on voltagesensitive dyes (VSDI), the spread of the activity through the visual cortical slices can be measured in response to the current pulse applied to the white matter.
Superficial layers showed much higher inhibition and deep layers much stronger excitation in the Fezf2 mutants. The abnormal circuit function can be restored in the presence of the GABA A receptor antagonist bicuculline and thus can be ascribed to alterations in the interneurons.
The authors further extended the finding in the Fezf2 mutants and asked if ectopic deep or superficial projection neurons would recruit interneuron subtypes relevant to their layer identities. By electroporation of Fezf2 or knockdown of b-amyloid precursor protein (APP) at E14.5, aggregates resembling the deep corticofugal neurons or superficial CPN were ectopically produced in the subcortical regions. These aggregates indeed recruited GABAergic interneurons in numbers proportional to the size of the aggregates. The ectopic Fezf2 + aggregates tended to attract deep layer interneurons that expressed Lhx6 and SST, instead of the superficial layer subtypes (VIP, Reelin, or NPY). More importantly, interneurons born at E12.5 were found in the Fezf2 + aggregates born at E14.5. These data clearly argue that the projection neurons choose their partner interneurons mostly by their attributes rather than their birthdates.
The study by Lodato et al. (2011) establishes that the identities of the projection neurons are critical determinants for interneurons to achieve proper laminar distribution. This paves the way toward ultimate identification and characterization of the factors that mediate the interactions between projection neurons and interneurons.
Acquisition of Complete Coordinates for Cortical Interneurons
The complete coordinates for the cortical interneurons consist of both regional addresses and laminar positions. Cortical development involves a process of arealization, which divides the cortex into different functional regions (O'Leary et al., 2007) . Acquisition of interneurons of different subtypes with proper number is essential for normal functions of each region (Rubenstein, 2010) . After entering the cortex at E12.5, interneurons course through the different regions of the cortex (e.g., visual cortex, somatosensory cortex, motor cortex) via the superficial stream in the marginal zone and the deep stream in the subventricular zone. At E15.5, interneurons already cover the neocortex and hippocampus. The two migratory streams thicken over the next 2-3 days, which may involve a process of regional allocation ( Figure 1F ). Not too surprisingly, disruption of the Cxcl12 signaling within the interneurons results in defective regional and laminar distribution of the interneurons (Li et al., 2008; Ló pez-Bendito et al., 2008) . Cortical invasion can be seen around E17.5 but laminar allocation is mostly achieved in the first postnatal week ( Figure 1F ). The new findings by Lodato et al. (2011) may also provide a paradigm to understand how the cortical interneurons acquire their regional addresses. An extrapolation of their findings is that the cortical area identities themselves may confer the regional addresses to the cortical interneurons.
It is of note that there may exist other mechanisms controlling the laminar fates of interneurons in the hippocampus, because it has only a single layer of projection neurons in the CA fields but still displays very distinct interneuronal layering (Jinno and Kosaka, 2006) . This may indicate that some neurons in the hippocampus and perhaps in the neocortex may use subcellular cues distributed to different dendritic domains to influence interneuron sorting as well.
The recognition of the importance of the projection neurons in layer acquisition by interneurons does not necessarily dismiss the impact of the cortical environment in this process. The layering development of projection neurons and interneurons indeed involves a very dynamic interaction with each other and their cortical environment ( Figure 1G ). Reelin, critical for the lamination of projection neurons, was initially thought to mostly come from the Cajal-Retzius (CR) cells in the marginal zone. However, genetic ablation of the CR cells leads to only very mild cortical lamination defect, indicating that Reelin secreted from the tangentially migrating interneurons may also contribute to the lamination of the projection neurons (Yoshida et al., 2006) . The cortical meninges and the SVZ neuronal progenitors secrete the chemokine Cxcl12 into the marginal zone and IZ/ SVZ respectively to maintain the interneuron migratory streams (Sessa et al., 2010; Stumm et al., 2003; Tiveron et al., 2006) , through which the cortical environment contributes to the interneuron regionalization and lamination ( Figure 1G ).
In the postnatal visual cortex, monocular deprivation can trigger a rapid reorganization of neuronal responses during a critical period, which is known as the ocular dominance plasticity. Even after the normal critical period, ocular dominance plasticity can be induced by transplanted embryonic MGE-derived cells in a cell-autonomous manner when the transplanted cells reach the cellular age equivalent to that of the endogenous interneurons (Southwell et al., 2010) . It will be interesting to determine whether this type of cortical plasticity involves the differential recruitment of cortical interneurons by the projection neurons of different subtypes or whether young interneurons induce already maturing projection neurons to become more plastic for a time. Undoubtedly, the finding by Lodato et al. (2011) brings up very important issues in the possible uses and mechanisms of interneuron transplantation-based therapy.
